, 1999). In addition, in transfected COS cells
Here, we have tested directly whether Plexin-A4 acPlexin-A1 or -A2 but not -A3 was shown to mediate a counts for the residual class 3 Semaphorin responses contraction response of the cells to Sema3A (or seen in neurons from Plexin-A3 knockout mice, through Sema3F) when coexpressed with Neuropilin-1 (or Neugeneration and analysis of a Plexin-A4 knockout mouse ropilin-2, respectively) (Takahashi and Strittmatter, 2001) . and a Plexin-A3, -A4 double knockout mouse. Our reHowever, the significance of these studies for the norsults support the idea that Plexin-A3 mutant protein that is made. Targeting events were dethat is generated. This expectation was born out by careful examination of sensory axons from Plexin-A4 tected by Southern blot ( Figure 1B ) and PCR analysis ( Figure 1C) . heterozygous embryos both in vivo and through in vitro assays, as we did not detect any difference (compared Plexin-A4 homozygous mutants are viable and fertile. They are born in an approximate Mendelian ratio (16/ to wild-type) in the trajectories of these axons in vivo or their responses to Semaphorins in vitro (data not 70, 22%) from intercrosses of heterozygous mutants. We were able to detect mRNA for Plexin-A4 using a shown). To address whether Plexin-A3 and Plexin-A4 together sensitive RT-PCR assay with primers designed to a region 5# to the insertion of the Neo cassette but not with are responsible for all Sema3A and Sema3F signaling, we also generated a Plexin-A3/Plexin-A4 double knockprimers designed to a region 3# to the cassette, indicating that only a shorter mutant message is generated out mouse (Plexin-A3/A4 double) from crosses of single knockouts. To our surprise, we found that the double ( Figures 1D and 1E ). The level of this message is, however, strongly reduced compared to wild-type, since it mutants are viable. was not detected by Northern blot using a 5# probe ( Figure Figure 3C ). To rule out the possibility that a small number of mutant axons might re-10%-20% of the axons were not repelled at all and even grew directly into the aggregate of cells expressspond to Sema3A but that their responses were masked by the mass of unresponsive axons, we again turned to ing Sema3A, suggesting that in some neurons Sema3A signaling may be transduced only by Plexin-A4. In addithe growth cone collapse assay in which the response of each individual growth cone is not affected by neightion, the remaining axons, while clearly repelled, fanned out broadly as they grew away from the Sema3A boring axons and single growth cones are counted. We challenged the axons with a concentration of Sema3A source, unlike wild-type axons, which were tightly fasciculated as they grew away. These results suggest that that leads to 100% collapse of wild-type growth cones. In agreement with the repulsion assays, we found no Plexin-A4 is an important but not exclusive mediator of the Sema3A response in these axons (Figures 2C and difference in the number of collapsed growth cones between stimulated and nonstimulated axons from Plexin-2D). To quantify the response, we turned to growth cone collapse assays. At the concentration of Sema3A A3/A4 double mutant mice ( Figures 3F and 3G ). These results demonstrate that, in DRG axons, Plexin-A3 and (8 ng/ml) that leads to 100% collapse of wild-type DRG growth cones, a small but significant portion of growth Plexin-A4 are necessary signaling receptors for Sema3A. Other Plexins, although expressed at least at the mRNA cones from Plexin-A4-deficient DRGs did not collapse ( Figures 2G and 2I axons in the Plexin-A4 mutant mice failed to form thick (NFM) whole-mount immunostaining. In Plexin-A4 mutants at E11.5, all three projections of the trigeminal nerve bundles at E11.5 ( Figures 4A and 4B ) and showed ganglion (ophthalmic, maxillary, and mandibular) genenhanced branching at E12.5 (Figures 4D and 4E) . In erally projected to their correct targets; however, clear addition, a misprojecting fiber bundle along the ventral disorganization of the ophthalmic and the maxillary part of the paw was observed in Plexin-A4 mutant projections was observed ( Figures 5A and 5B ). Most mice; this phenotype was not enhanced in the Plexinaffected was the ophthalmic branch, which overshot A3/A4 mutant mice and was not observed in Neurobeyond the front observed in wild-type embryos, with pilin-1 mutant mice, suggesting that Plexin-A4 might be some fibers leaving the main bundle to grow in different involved in guiding certain spinal sensory axons in a directions. These defects were further enhanced in the Neuropilin-1-independent fashion (Figures 4G-4I overshooting of the infrapyramidal bundle in the hippocampus and the disruption of the anterior commissure. ropilin-2 dependent) using the collagen repulsion assay. Interestingly, the result was a mirror image of that obIn our previous work, we found that Plexin-A3 is required for the Sema3F-dependent pruning of the infratained with Plexin-A3 mutants, i.e., whereas the response to Sema3A was partially reduced, the response pyramidal bundle (Bagri et al., 2003) . However, we did not detect defects in the anterior commissure in the to Sema3F was not affected (Figures 6A-6J) . Next, we performed the experiment with neurons lacking both Plexin-A3 mutant mouse (data not shown), unlike in Neuropilin-2 mutant mice. We found clear disruption of Plexin-A3 and Plexin-A4. As found for DRG axons, the response to Sema3A was completely lost, and the axthe anterior commissure in the Plexin-A4 mutants (Figure 7) . ). a mild defasciculation phenotype was observed in the Finally, two other in vivo phenotypes deserve menophthalmic branch in the Plexin-A3 mutants, a more setion. A striking observation in the peripheral sensory vere defect was detected in the Plexin-A4 mutants, and projections in the Plexin-A3/A4 double mutant was the the defects were further enhanced in the Plexin-A3/A4 extensive branching of the aberrant axons. This branchdouble mutants. The maxillary branch of the trigeminal ing phenotype may be secondary to the fact that the ganglion was only mildly disorganized in Plexin-A4 muaxons in the Plexin-A3/A4 double mutants are also tants but became more disorganized in the Plexin-A3/ much longer than those in wild-type embryos. However, A4 double mutants. Finally, the mandibular branch is recent studies suggest that in cortical neurons Sema3A disorganized only in the Plexin-A3/A4 double mutants, can directly inhibit branch formation without affecting not in either of the single mutants. The differential senaxon length, which could also explain the enhanced sitivity of the three branches to the loss of Plexin-A3 branching that we observed (Dent et al., 2004) . Another interesting phenotype in the double mutants is the and -A4 alleles is likely to be explained by the mandib-
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